Contaminated water may play a key role in the transmission of Helicobacter pylori, resulting in gastrointestinal diseases in humans. The wastewater treatment process is an important barrier to control the transmission of H. pylori. However, the presence and viability of H. pylori in the treatment process is not well known. In this paper, the real colony morphology of H. pylori was confirmed by two types of culture media. The survival of H. pylori through the tertiary wastewater treatment process, especially UV disinfection, and in the receiving Huron River in Ann Arbor, Michigan, was investigated by plates cultivation, regular polymerase chain reaction (PCR) assays and quantitative real-time PCR from DNA. The results demonstrated that H. pylori was not only present, but also viable in all processed wastewater samples in the Ann Arbor wastewater treatment plant (WWTP). H. pylori can be found in a higher concentration in the receiving Huron River. There are many kinds of antibiotic-and UV-resistant bacteria, including H. pylori, in the final effluent of Ann Arbor WWTP.
INTRODUCTION
Helicobacter pylori, a bacterium initially observed in 1893, was not recognized as an infectious agent until 1982 when Warren and Marshall isolated this pathogen (Marshall & Warren ) . H. pylori is a bacterium that infects the stomach of 80% of people living in low socioeconomic areas of Latin America. By contrast, less than 20% of asymptomatic Caucasians carry H. pylori in the USA. The WHO estimates that in the world there are over 900,000 new diagnoses and 650,000 deaths from gastric cancer each year, mainly in Eastern Europe, Asia and Latin America.
H. pylori is a leading cause of gastrointestinal diseases in humans, including gastric and duodenal ulcers, gastric cancer and primary gastric lymphoma (Aziz et al. ) .
Over the preceding years and to date, the definitive mode of human infection by H. pylori has remained largely unknown and has thus gained the interest of researchers around the world. Fecal-oral and person to person contact have been suggested as possible routes of exposure to this organism. However, many investigations showed that contaminated water may play a key role in the transmission of H. pylori (Baker & 
METHODS

Study area and sample collection
The study area was the tertiary wastewater treatment plant (WWTP) in Ann Arbor, Michigan, USA, and the Huron River was the receiving water for the wastewater discharge, as shown in Figure 1 biological nutrient removal in aeration basins (ferric chloride added as required to polish effluent for soluble phosphorus) followed by secondary sedimentation); (iv) tertiary treatment (rapid sand filtration of secondary effluent to remove particulates); and (v) disinfection (UV light). About 45% of BOD 5 in the raw influent was removed after primary treatment, 95%
after secondary treatment, and 99.5% after tertiary treatment.
Samples were collected three times from four sites in the plant, namely raw water (RW), primary treated wastewater (PW), secondary treated wastewater (SW) and final effluent (FW) (after UV disinfection and ready for discharge). Samples were also collected from the Huron River site 100 m downstream (HRW) of the wastewater discharge point. There was no other discharge to the river before this sampling site.
Each time, five samples were collected in sequence on the same day. Each sample consisted of 1,000 mL water collected in a sterile bottle, which was then kept in an ice bath during transportation to the laboratory and processed within 12 h of collection.
Helicobacter pylori culture
Helicobacter pylori (ATCC 43504) was grown on Tryptic Soy Agar (TSA, ATCC 260 Agar) plates with 5% defibrinated sheep blood and a selective culture medium under microaerophilic conditions. Colonies were collected from the media after 7 days' growth at 37 W C. 
RESULTS AND DISCUSSION
H. pylori colony morphology and specific primers confirmation As attempts to culture H. pylori cells from environmental water samples have been largely unsuccessful, we had to find an effective culture medium to grow H. pylori and verify the colony morphology. We ordered H. pylori (ATCC 43504) and tried TSA with 5% defibrinated sheep blood and selective culture media to cultivate and collect H. pylori cells. As Figure 2 shows, the real H. pylori colony looks transparent and has a small circular bulge on the TSA plate. The PCR reaction with three pairs of Helicobacter pylori 16S rRNA gene primers were tested with pure strain DNA samples (ATCC 43504) on different culture media to test the specificity ( Table 1 ). As Figure 3 shows, these three pairs of specific primers for H. pylori detection were verified by regular PCR for the pure strains on TSA and a selective medium.
Effects of different DNA extraction methods on H. pylori
DNA quality
As Table 2 shows, the metagenomics DNA isolation kit for water can give a better DNA quality for PCR assay when compared with the UltraClean soil DNA isolation kit for different pretreated water samples. However, there were no significant differences for DNA quality between conventional cell pre-treatment such as centrifuge or filtration and isopropanol treatment. As Figure 4 shows, when the extracted DNA was purified, it can give better PCR results for H. pylori detection. However, DNA extracted by soil kit cannot show a clear band on the electrophoresis gel. Figure 6 . They had nearly the same variation tendency for natural water samples as shown in Figure 5 . However, the cell numbers of H. pylori on culture plates did not show the same tendency according to the q-PCR results in Figure 6 .
As there were five types of antibiotics (vancomycin, trimethoprim, cefsulodin, amphotericin B, and polymixin B) added in the selective medium, Figures 5-7 showed that there were many bacteria, including H. pylori, in the final effluent that were antibiotic resistant and UV resistant. However, H. pylori may be more resistant to antibiotics and antioxidants, as the ratio of H. pylori/total bacteria increased through the wastewater treatment process (Figure 8 ). In the receiving Huron River, H. pylori cells were also found, which meant these H. pylori cells may pose a potential risk to human health ( Figure 6) . A high number of H. pylori cells at the Huron River sampling site also meant contamination by H. pylori from some non-point sources of pollution.
CONCLUSIONS
The real colony morphology of H. pylori was confirmed by culture plates with TSA and selective medium. 
